Introduction
============

Ovarian cancer is one of the most common malignant tumors of the female reproductive system, and is the third most frequently occurring cancer in women, following cervical and endometrial cancer ([@b1-ol-0-0-3771]). Ovarian cancer possesses the poorest prognosis of all gynecological tumors, and is typically undetectable at onset ([@b2-ol-0-0-3771]). Thus, the majority of patients are diagnosed at advanced stages, resulting in a high rate of mortality. Therefore, ovarian cancer is a significant threat to female health ([@b3-ol-0-0-3771]). Due to the fact that patients with ovarian cancer exhibit no symptoms during the early stages, as well as a lack of effective screening measures, \>80% patients with ovarian cancer are diagnosed at an advanced stage ([@b4-ol-0-0-3771]). These patients possess a five-year survival rate of just 20--30%; however, the five-year survival rate of patients with ovarian cancer diagnosed at an early stage is \>90% ([@b5-ol-0-0-3771]). Therefore, early diagnosis is significant for the prognosis of patients with ovarian cancer. At present, certain tumor markers, including cancer antigen 125 (CA125) and human epididymis protein 4 (HE-4), aid in the early diagnosis of ovarian cancer ([@b6-ol-0-0-3771],[@b7-ol-0-0-3771]). Furthermore, these markers are significant for monitoring the development and progression of ovarian cancer. However, there are various associated disadvantages, including, high false-positive or -negative rates and low specificity ([@b7-ol-0-0-3771]). In order to improve the accuracy of diagnosis for ovarian cancer, the use of cooperative detection methods may be required.

Since Leon *et al* ([@b8-ol-0-0-3771]) identified cell-free DNA (cf-DNA) in the serum of cancer patients in 1977, cf-DNA has presented a number of advantages in the early stages of tumor diagnosis ([@b9-ol-0-0-3771],[@b10-ol-0-0-3771]), particularly in solid tumors ([@b11-ol-0-0-3771]). Previous studies of cf-DNA have included qualitative and quantitative investigation. Qualitative analysis primarily detects tumor-specific gene alterations ([@b12-ol-0-0-3771],[@b13-ol-0-0-3771]), including gene mutations, promoter hypermethylation of tumor suppressor genes ([@b14-ol-0-0-3771]) and microsatellite alterations ([@b15-ol-0-0-3771]). Quantitative analyses primarily involve radioimmunity methods ([@b16-ol-0-0-3771]), polymerase chain reaction (PCR) amplification techniques ([@b17-ol-0-0-3771]), DNA nick translation labeling techniques ([@b18-ol-0-0-3771]) and DNA DipStick kits ([@b19-ol-0-0-3771]). These methods are associated with a number of issues, including radioactivity, environmental pollution problems, complex instructions and DNA loss during the process itself, which result in reduced sensitivity.

Branched DNA (bDNA), in contrast to PCR (which amplifies a portion of the gene sequence), is a signal amplification technology that detects the presence of specific nucleic acids by measuring the signal generated by specific hybridization of numerous branched, labeled DNA probes on an immobilized target nucleic acid ([@b20-ol-0-0-3771]).

The present study utilized a bDNA technique in order to quantitatively detect the levels of cf-DNA in patients exhibiting ovarian cancer, and analyzed the association between cf-DNA levels and clinicopathological characteristics, in order to investigate the value of cf-DNA in the diagnosis of ovarian cancer by quantitative measures.

Patients and methods
====================

### Patients

Samples were obtained from 36 patients exhibiting ovarian cancer from the Maternity and Child Healthcare Hospital of Nantong and the Tumor Hospital of Nantong (Nantong, China) between October 2011 and October 2012. The average age of patients exhibiting ovarian cancer was 58.6 years (range, 40--85 years) and all diagnoses were confirmed via pathological examination. Tumor staging was performed according to the International Federation of Gynecology and Obstetrics (FIGO) criteria (2010) ([@b21-ol-0-0-3771]). In addition, samples from 29 healthy women served as the control group, and the average age of these patients was 57.7 years (range, 42--75 years). A total of 22 cases of benign ovarian tumor were also investigated, and the average age of these patients was 51.6 years (range, 37--72 years). All diagnoses were confirmed by surgical and pathological examination. The present study was conducted in accordance with the Declaration of Helsinki, and was approved by the Ethics Committee of the Maternity and Child Healthcare Hospital of Nantong (Nantong, China). Written informed consent was obtained from all participants.

### Specimen collection

Venous blood (5 ml) was collected from patients with ovarian cancer and benign tumors, and healthy women, on an empty stomach in the morning. The blood specimens were collected in tubes, and subsequently centrifuged at 2,800 × g and 4°C for 15 min. The serum was transferred into Eppendorf tubes (Eppendorf, Hamburg, Germany) and stored at −80°C.

### cf-DNA detection using a bDNA technique

Specimens were diluted with distilled water (dilution, 1:20), heated at 95°C for 5 min and subsequently placed rapidly into cold water. A preparation solution (90 µl) containing 33.0 µl lysate, 55.3 µl Tris-EDTA buffer solution, 0.1 µl proteinase K, 1.0 µl confining liquid, 0.3 µl capture extender probe, 0.3 µl label extender probe and 10 µl DNA samples, including samples, double controls and three standards, was added into 96-well plates, and subsequently blocked using tin foil papers. All aforementioned reagents were provided by Fuzhou Maixin Biotechnology Development Co., Ltd., (Fuzhou, China). Plates were immediately placed in the HB-1000 hybridization oven (Nanjing Xincheng Health Biotech Co., Ltd., Nanjing, China) and hybridized at 55°C for 16--21 h. Subsequently, each well was washed three times with 300 µl scrubbing solution (Fuzhou Maixin Biotechnology Development Co., Ltd.), followed by addition of 100 µl labeling probe (dilution, 1:1,000) and incubation at 55°C for 60 min. This process was repeated once. Subsequently, 100 µl working solution (Fuzhou Maixin Biotechnology Development Co., Ltd.) was added to each well following washing, and plates were incubated at room temperature for 5--10 min. Finally, 96-well plates were placed in the LMax microtiter plate luminometer (MaxLine Inc., CA, USA); absorbance values (A) were acquired, and the mean absorbance value was calculated. cf-DNA standard curves were constructed based on standard concentrations and A values. cf-DNA levels were calculated using the standard curves.

### CA125 and HE-4 detection

CA125 and HE-4 levels were detected using the Roche E170 chemiluminescence detector (Roche Diagnostics, Indianapolis, IN, USA), and CA125 and HE-4 kits (Shanghai Sangon Biological Engineering Co., Ltd., Shanghai, China), according to the manufacturer\'s instructions.

### Statistical analysis

Statistical analysis was performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). Measured data are expressed as the mean ± standard deviation. Serum cf-DNA levels are presented as a skew distribution: Median (25th percentile-75th percentile) \[M (P~25~-P~75~)\], following a test of normality. The Mann-Whitney U test was utilized for comparisons between two groups and the Spearman\'s rank order correlation was utilized to analyze double variable correlations. Receiver operating characteristic (ROC) curves and the area under the ROC curves (AUC) were utilized to evaluate the sensitivity and specificity of ovarian cancer detection. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Serum levels of cf-DNA are significantly increased in ovarian cancer

The serum levels of cf-DNA were 197.176 (94.757--303.367), 199.943 (78.730--396.208) and 811.354 (450.714--1307.185) µg/l in the healthy control, benign tumor and ovarian cancer groups, respectively ([Table I](#tI-ol-0-0-3771){ref-type="table"}).

According to the Mann-Whitney U test, the serum levels of cf-DNA were significantly increased in the ovarian cancer group compared with those of the healthy control and benign tumor groups (P\<0.01). There was no significant difference between the benign tumor group and control group (P=0.917). Furthermore, according to FIGO staging of ovarian cancer, the serum cf-DNA levels of stage I--II ovarian cancer were significantly different from those observed in stage III and IV (P\<0.01), although there was no significant difference between stage III and stage IV (P=0.610).

### No association is identifiable between the serum levels of cf-DNA and clinicopathological features

No statistically significant differences were observed between cf-DNA levels and age, differentiation, tumor classification and complications among the ovarian cancer, healthy control or benign tumor groups ([Table II](#tII-ol-0-0-3771){ref-type="table"}).

### cf-DNA levels increase following surgery and, subsequently, gradually decrease

Postoperative cf-DNA levels were significantly increased in patients exhibiting ovarian cancer, these levels then gradually decreased. This may potentially be due to surgical trauma causing cells to enter the bloodstream and generate significant quantities of cf-DNA. Following metabolism of this increased cf-DNA, cf-DNA levels are able to decrease ([Table III](#tIII-ol-0-0-3771){ref-type="table"}).

### There is no correlation between the serum levels of cf-DNA and CA125 and HE-4

Spearman correlation analysis demonstarted that the correlation coefficient between cf-DNA and CA125 was 0.060 (P=0.729), and the correlation coefficient between cf-DNA and HE-4 was 0.043 (P=0.802). This indicated that there was no significant difference in the level of correlation between these factors and cf-DNA.

According to the ROC curve ([Fig. 1](#f1-ol-0-0-3771){ref-type="fig"}), the cut-off values for cf-DNA, CA125 and HE-4 were 478.435 µg/l, 33.745 U/ml and 137.627 pmol/l, respectively. Furthermore, the AUC, sensitivity and specificity of cf-DNA in the ovarian cancer group were 0.917, 88.9% and 89.5%, respectively, which were higher than those of CA125 (0.724, 75% and 52.6%) and HE-4 (0.743, 80.6% and 68.4%) ([Table IV](#tIV-ol-0-0-3771){ref-type="table"}). cf-DNA levels combined with CA125 and HE-4 detection may improve the sensitivity and specificity of ovarian cancer detection. When two or three of these biomarkers were identified as positive during combined detection, the sensitivity and specificity were 91.67% (33/36) and 84.21% (16/19) respectively.

Discussion
==========

Due to developments in tumor cellular and molecular biology, there has been increased interest in serum cf-DNA as a potential biomarker in oncology ([@b10-ol-0-0-3771],[@b22-ol-0-0-3771]). cf-DNA alteration, as a tumor indicator, has been observed in the serum of patients with certain tumors, and cf-DNA alteration has been associated with the expression of certain genes in tumor tissue ([@b23-ol-0-0-3771]). As described in the Introduction, existing qualitative and quantitative methods exhibit a number of limitations ([@b12-ol-0-0-3771]--[@b19-ol-0-0-3771]). By contrast, bDNA techniques may be regarded as an improvement compared with other monitoring methods associated with existing tumor markers, due to their convenience and lack of invasiveness ([@b24-ol-0-0-3771]). The present study used bDNA techniques to detect the levels of cf-DNA in patients exhibiting ovarian cancer. The associations between cf-DNA levels and clinicopathological characteristics were analyzed, and the value of cf-DNA in the diagnosis of ovarian cancer was investigated.

Generally, cf-DNA is maintained at low and constant levels in normal human serum, and is significantly increased in patients exhibiting certain tumors. A previous study demonstrated that serum cf-DNA levels are directly associated with the presence, development, recovery from and recurrence of malignant tumors ([@b25-ol-0-0-3771]). In the present study, healthy volunteers, patients with benign ovarian tumors and patients exhibiting ovarian cancer were compared, and the results indicated that the serum cf-DNA levels were significantly increased in the ovarian cancer group compared with those of the control group (P\<0.01). However, there was no significant difference between those of the benign tumor and healthy control groups (P\>0.05). Furthermore, according to FIGO staging, the serum levels of cf-DNA were significantly increased in patients with stage III and IV ovarian cancer compared with stage I--II patients (P\<0.01). cf-DNA levels were also significantly increased following surgery (P\<0.01), and then decreased gradually; there was no significant difference observed between pre-operative and postoperative day 7 cf-DNA levels (P\>0.05). The results of the present study suggested that the serum levels of cf-DNA increased gradually with the development of disease, and monitoring the serum levels of cf-DNA may aid in the analysis of patient status, prognosis and efficacy observations. Serum CA125 and HE-4 are common markers of ovarian cancer and possess diagnostic value; however, their sensitivity and specificity have been observed to be lower than that of the cf-DNA assay. According to Spearman\'s related analysis, cf-DNA levels did not correlate with CA125 and HE-4 levels, which indicated that cf-DNA was an independent prognostic biomarker due to alternative pharmacokinetics ([@b26-ol-0-0-3771]).

ROC curves of cf-DNA revealed that the sensitivity and specificity of serum cf-DNA levels were 88.9 and 89.5%, respectively, while the baseline was 478.435 µg/l as diagnosed for ovarian cancer, which were higher than those of CA125 and HE-4. Furthermore, the AUC of the ROC curves of cf-DNA, CA125 and HE-4 were 0.917, 0.724 and 0.743, respectively; therefore, cf-DNA combined with CA125 and HE-4 detection may improve sensitivity up to 91.67%.

In conclusion, the serum levels of cf-DNA were significantly increased in patients exhibiting ovarian cancer, compared with those of patients with benign ovarian tumors and healthy controls. Furthermore, cf-DNA levels were observed to increase as ovarian cancer progressed to later disease stages. Thus, quantitative detection of cf-DNA may possess value for the diagnosis of ovarian cancer, and bDNA techniques demonstrated higher sensitivity and specificity for detecting serum cf-DNA levels compared with existing methods.
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###### 

Comparison of the serum levels of cf-DNA.

  Clinicopathological parameter   n     cf-DNA level, µg/l \[M (P~25~-P~75~)\]   P-value
  ------------------------------- ----- ---------------------------------------- ------------------------------------------------------
  Group                                                                          
    Control                       19      197.176 (102.600--303.367)             
    Benign tumor                  22    199.943 (78.730--396.208)                
    Ovarian cancer                36        881.181 (624.110--1409.170)          \<0.001^[a](#tfn1-ol-0-0-3771){ref-type="table-fn"}^
  FIGO stage                                                                     
    I--II                         11      593.401 (349.743--737.295)             \<0.001^[b](#tfn2-ol-0-0-3771){ref-type="table-fn"}^
    III                           16      1104.975 (829.756--1805.888)             0.610^[c](#tfn3-ol-0-0-3771){ref-type="table-fn"}^
    IV                              9       954.370 (411.354--1507.910)          

P\<0.01, ovarian cancer group vs. control group and ovarian cancer group vs. benign tumor group;

P\<0.01, stage I--II vs. stage III and stage I--II vs. stage IV;

P=0.610, stage III vs. stage IV. cf-DNA, cell-free DNA; FIGO, International Federation of Gynecology and Obstetrics.

###### 

Comparison of cf-DNA levels among various clinicopathological parameters in patients with ovarian cancer.

  Clinicopathological parameter            n    cf-DNA level, µg/l \[M (P~25~-P~75~)\]   P-value
  ---------------------------------------- ---- ---------------------------------------- ---------
  Age, years                                                                             0.928
    \<60                                   19   646.757 (326.429--1034.856)              
    ≥60                                    17   953.347 (477.989--1527.393)              
  Degree of differentiation                                                              0.785
    High                                   10   800.951 (429.309--1411.844)              
    Moderate                               15   865.411 (343.617--1243.754)              
    Low                                    11   729.056 (452.638--1461.874)              
  Complications                                                                          0.689
    Yes                                    15   908.910 (593.401--1507.910)              
    No                                     21   971.621 (642.051--1526.560)              
  Tumor type                                                                             0.824
    Endometrioid adenocarcinoma of ovary   14   727.152 (129.725--1216.922)              
    Ovarian serous adenocarcinoma          22   811.354 (467.924--1471.326)              

cf-DNA, cell-free DNA.

###### 

Alterations in cf-DNA level prior to and following surgery.

  Time-point            cf-DNA level, µg/l \[M (P~25~-P~75~)\]   P-value
  --------------------- ---------------------------------------- ----------------------------------------------------
  Pre-operation           881.181 (624.110--1409.170)            
  Postoperative day 1   1531.718 (929.120--3271.500)             0.001^[a](#tfn5-ol-0-0-3771){ref-type="table-fn"}^
  Postoperative day 3   1386.810 (914.410--2595.596)             0.444^[b](#tfn6-ol-0-0-3771){ref-type="table-fn"}^
  Postoperative day 7   914.410 (93.401--1507.910)               0.002^[c](#tfn7-ol-0-0-3771){ref-type="table-fn"}^

P\<0.01, vs. pre-operation;

P=0.444, vs. postoperative day 1;

P=0.002, vs. postoperative day 3.

###### 

Efficacy comparison between cf-DNA, CA125 and HE-4 levels.

  Index    AUC     Baseline   Sensitivity, %   Specificity, %   95% CI         P-value
  -------- ------- ---------- ---------------- ---------------- -------------- ---------
  cf-DNA   0.917   478.435    88.9             89.5             0.842--0.991   \<0.001
  CA125    0.724     33.745   75.0             52.6             0.592--0.855     0.007
  HE-4     0.743   137.627    80.6             68.4             0.605--0.881     0.003

cf-DNA, cell free DNA; CA125, cancer antigen 125; HE-4, human epididymis protein 4; AUC, area under curve; CI, confidence interval.
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